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Foreword

This report describes further work on the Corrosion of
Aluminium Alloys H.10 end H.15 carried out by the Fulmer Research
Institute under an extra-mural contract for the Ministry of
Supply.

Th. following reports on this investigation have already been
issued:-

YR(D) Report 7/51 - "Investigation of the Corrosion
Resistance of A.W.10 and A.W.15."
4th Report - October, 1950.

WR(D) Report 14/51- "Investigation of the Corrosion
Resistance of A.W.10 and A.W.15".
November, 1951.

WR(D) Report 7/52 - "Investigation of the Corrosion
Resistance of A.W.10 and A.W.15 -

Report on Laboratory Work."
August, 1952.

WR(D) Report 7/53 - "The influence of Extrusion Direction
on Corrosion and Stress Corrosion
Behaviour of H.E.15 W.P. Aluminium -

Copper - Magnesium Alloy."
July, 1953.

L. J. BRICE
for Director of Weapon Research (Defence)

Room 854 Shell Mex House.
Gerrard 6933. Ext. 8.

December, 1953.

K. 172811
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FUL flER RESEARCH INSTITUTE LIMITED

R. 22/9/November 1953.

INESTCIGATION OF TM C0SIOH IIESISTANCE OF
H110 (Al/0.7, M /I.O% Si) .AN 11.15A0/h% CuM-.Z !A;)

ALUMINIUM ALLOYS.

R~EVIEW OF P'ROGRESS 1953.

by

Winifred A. Be11, B.A.

and

E.A.G. Liddiard, IA.A.,F.I.

1. INTRODUCTION.

The work described in this report is a
continuation of the work described in R.22/5/November 1951,
(Field Tests), R.22/6/July 1952, (Laboratory Tests),
and R.22/7/August 1952, and R.22/8/June 1953 (Stress
Corrosion Tests), and covers the work from the time these
reports were written. During this period the investigation
has been extended to study the effect of welding on
the corrosion of H.10 and 11.15, to study the prevention
of stress corrosion on HS.15 by painting, and to determine
a safe level of stress below which stress corrosion will
not occur in 11.15 sheet and extrusions when stressed
transverse to the extrusion direction.

The main part of the investigation has, however,

been a continuation of work 'which had already been in
progress and the greater part of this work has now been
completed, with the exception of long term field tests
of the original HE.10 and HE.15 channel sections,

IT I |
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and HE.I0 containing eight different amounts of copper.

This work has bean carried out at the Fulmer

Research Institute under the sponsorship of the
Ministry of Supply.

2.. MATERIAL USED.

were channel section extrusions made from normal batches

of H.10 and H.15 billets. The extruded sections were
1 " x 1" x 1" channel with a thickness of 0.1". They
were made by the normal production methods. The IM.l0
was die quenched. and the HIE.15 was quenched after solution
heat treatment. The channels were then stretched to
straighten, the amount of stretching being of the order of
3% although it may have varied between l% and 8.
Lengths were cut as required and were given the appropriate
ageing treatment.

Chemical analyses of the extrusions were as follows:-

HE.10 - Cu 0.04% (max) Mg 0.68%

Si 0. 981 Fe 0. 27

M~n 0.04%1

HD.15 - Cu 3.81% 9i 0.95;s Fe 0. 25

Mn 0. 54% Mg 0.747 Ti 0.02%

The specifications covering these alloys are as follows:-

HE.10 BS.STA 7/AW. 10; BS.1476, HE.lOWP.

HE.15 BS.STA 7/AW.15; BS.1476, HE.15WNP and DTD.364A.

The ageing temperatures used for the field tests
and laboratory tests, unless otherwise stated, were 8 hours
at 1750C. for HE.l0, and 8 hours at 1700C. for HE.15. This
material has been used for the long term field tests,
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and for the laboratory tests in effect of relative humidity
and the simulation of out-door exposure tests. Specimens
of HE.15 were used in the part of the work investigating
the effect of removal of corrosion product.

In addition to the above material some similar
extrusions were made from separate melts of HE.10 containing
various amounts of copper. These alloys have only been
used for a section of the investigation and the full
details of the chemical composition will be given later
as appropriate.

In order to determine the effect of manganese
on the stress corrosion properties of H.15, tests have
also been made on sheet and extruded material made from
cast billets of 11.15, one containing low manganese content
0.08% and the other a normal manganese content 0.76% Mn.
The full details of fabrication and chemical composition
are given in Appendix I, and are referred to in the appropriate
section of the report.

The 11.10 and 11.15 material used for the welding
experiments was supplied by J.E.X.E. Spectrographic
analysis of the two materials is as follows:-

H.10 Plate. Fe .33 Si 1.14 Mg .45 Cu & ln< .04
Weld. Fe .28 Si 1.70 Mg .29 Cu & IAn< .04

H.15 Plate. Fe .45 Si .72 Mg .46 Mn .74 Cu 4
Weld. Fe .39 Si 1.70 tig .33 Mn .65 Cu 4.

3. FIELD TESTS,

5,1. Long Term Exposure Field Tests on HE.I5
and HE.l0 Alloys.

(a) General.

The results of the first series of tests concerning
exposure in field tests for up to 2 years failed to give
a complete picture of the rate of corrosion damage on
HE.IO and IE.15 alloys (R.22/5). It was decided to expose
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specimens from the original batch of material at the most
severe sites and examine them after 1, 2, 4 and 8 years'
exposure. The results of these repeat tests after one
and two years' exposure have now been obtained. The sites
chosen were as follows:-

Site I. Sheffield - Brown Firth, Severe
Princess Street. industrial.
B.I.S.R.A. exposure site.

Site II. Roof of B.N.P.A.R.A. Normal
Euston Street, London. industrial.

Site III. Hayling Island. Marine
atmosphere.

Site Vu Hayling Island. Total immersion.
(sea water)

Site VII. Christchurch. Total immersion.
SA.E.X.E. (fresh water)

Stressed and unstressed specimens were exposed
as previously. The stresses used were the maximum design
stress (5.1 T/in2 for h.1O and 16 T/in 2 for HE.15) and 0.1f5
proof stress (15 T/in 2 for 1E.1O and 24 T/in2 for HE.15).
The method of stressing was by four point bending in a special
frame so that the middle 7" of the specimens was at
uniformly constant strain. The stresses in the specimens
would, of course, tend to decrease during the tests as
a result of creep and decrease in effective thickness
of the specimens by corrosion.

Pieces of channel extrusion were bolted to the
frames and one was removed along with three of specimens
at each stress after 1 and 2 years' exposure.

(b) Results and Discussion.

The specimens were examined and testod as those
previously reported in R.22/5. The results of micro-
examination are given in Tables I and 2, and they are very

NI
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similar to those of the previous series. The results of
the tensile test are given in Tables 3.A. to 3.K. along
with those of the first series. It will be seen that
the results of the two series of tests are almost identical
except for those exposed at Site V. (total immersion,
sea-water) where the difference in U.2.9S. between the new
series and old series of both the IIE.lO and HE.15 is over
1 ton/in 2 . This is due to the localised attack which
develops on both alloys after exposure at this site.
At all the other sites the difference in U.1.S. is less

( than 1 ton/in 2 .

From these tests it is clear that the original
finding that stress had a negligible effect on corrosion
damage as judged by the residual strength of tLe corroded
specimens has been confirmed.

Fig.1 shows the original experimental and theoretical
curves, suggested by Champion, of the two sories of tests
for HE.15 and HE.lO specimens exposed at Sheffield, and
HE.15 at Hayling Island, taken from R%.22/5. The experimental
curve of this series of tests has been added, and it will
be seen how very closely it follows the other two in each
case.

The results of control specimens are given in
Table 4 along with those of the previous series. Due to
a shortage of material only three control test pieces
were tested.

The general conclusiona of the tests are all the
same as those of the previous tests as given in R.22/5.
These are that -

1. Sheffield atmosphere caused the greatest
deterioration in properties of both HE.10 and HE.15.

2. The average percentage loss in strength is
approximately the same for both alloys, although
the average loss in tensile strength is greater
for HE.15 than for HE.IO. The maximum corrosion is,
however, found in isolated specimens of HE.15
showing foliation attack on a macro scale.
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3. The results of total irmersion tests show
localised attack. The results of those at Christchurch
show more scatter due to highly localised attack.

The second series of tests also confirm the
original results in that severe macro foliation
attack starts on some specimens of HE.15 alloy after at
least 1 year's exposure. Intercrystalline corrosion of
the longitudinal type starts first and is followed by
foliation of the surface layers. The attack was most serious
at Sheffield. This type of attack is localised, and not
necessarily located in that part of the specimens forming
the gauge length of the tensile test piece. As in the previous
tests one specimen exposed at Sheffield had an exceptionally
low U.T.S. which was associated with this foliation attack.
Fig.2 is a photograph of this specimen showing the flaking
of the surface layers. Due to this type of attack, it
is not considered that the exponential type of curve
suggested by Champion, and referred to in Fig.l, can be
directly applied to the design of structures in this alloy exposed
to atmoopheric corrosion.

The remaining specimens will be removed after
a total of exposure time of four and eight years.

3.2. Effect of Copper content on the corrosion

resistance of ITsl0.

(a) General.

Eight melts of Hi0.lO were made with copper
contents ranging from 0-0.57 copper. Each melt was made
into a billet and cut in half for extrusion purposes.
One half of each was pre-heated for 19 hours at 4700C.
and then extruded from a press pre-heated to 420oc, and
the extrusions were press quenched in water at 270C.
About 9" of the front end of each channel section extrusion
was removed. Due to the jets of quenching water being
some distance from the die orifice, the last few feet
of the extrusions never reached the main supply of quenching
water and the last five feet of each extrusion were rejected.
The chemical composition of each melt is given in Appendix II.

"I



-7-

Specimens 6" long were out from each channel
and aged for 8 hours at 1750C. after which they were
subjected to laboratory tests and field exposure tests.
The results of the 3% NaCi spray laboratory test have
already been reported in R.22/6.

Unstressed channel sections were exposed at Sheffield,
severe industrial Site I, and Hayling Island, severe
marine atmosphere, Site III. One channel of each
composition has been removed after 6, 12 and 24 months'
exposure. Remaining specimens will be removed after a total
of four years.

(b) Results and Discussion.

Table 5 shows the results of tensile tests made
on the corroded specimens and also on control specimens.
The scatter of results is very considerable and, unlike
the previous results on specimens exposed to 3;' NaC1 spray
for a year in the laboratory, there is no clear indication
of an effect of copper contents up to 0.47% in increasing
corrosion susceptibility. A clearer indication may be
found from the results of the 4 year exposure tests.
However, as the copper content increased, there was an
increased longitudinal tendency and the five alloys containing
more than 0.25% copper showed a definite longitudinal
micro-foliation type of attack when exposed at Hayling
Island, although not at Sheffield. The results of microscopic
examination are given in Tables 6 and 7.

blicro-examination of control specimens etched in
Kellers etch showed that there was no difference in the
structure of those alloys containing 0.088% copper or less.
However, a slight banded structure was evident in that
alloy containing 0.16% copper, which became more pronounced
with increasing copper. This, of course, accounts for
the difference in the type of corrosion attack, the longitudinal
attack being associated with the banded structure of
the higher copper content alloys.
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It is well known from work at the B.N.F..M.R.A.
on aluminium and its alloys exposed to domestic water supplies
that copper in solution can be at least as damaging
as copper in the alloy, and the difference between the
results of the atmosphere and laboratory tests may be due
to wind-and rain-borne heavy metal contamination either
from outside sources or from adjacent specimens. The
effects of the banded structure in the higher copper alloys
might also tend to reduce attack in the first 18 months
of test, although this effect would operate in laboratory,
as well as field tests. The fact that a longitudinal
tendency in form of attack is beginning on some of the
higher copper samples suggests that damaging foliation

attack might take place on longer term exposure.

3.3. Field Exposure Tests on low manganese and

nornl manganese H.15 Sheet and Extrusions.

(a) General.

The two casts of dural type alloy containing 0.75%
manganese (normal manganese) and 0.08% manganese (low
manganese) were cut in half. One portion was extruded
to 2' diameter bars and the other forged into slabs
which were rolled to sheet. Details of composition, extrusions,
forging and rolling, are given in Appendix I. S2ecimens
12" x W' x 0.1" were exposed in frames similar to those
used for the other exposure tests at Site I (Sheffield),
and stressed by constant strain. The sheet specimens were
nominally stressed at the maximum design stress - 16 tons/in 2 ,
and the 0.1% proof stress - 24 tons/in2 . The extruded
specimens were only stressed at the 0.1% proof stress.
Unstressed specimens of both sheet and extrusions were
exposed at the same time.

(b) Results and Discussion.

Duplicate specimens of each alloy have been removed,
examined and tested after 3, 6 and 12 months' exposure.
The tensile test results are given in Table 8, along
with those of control specimens, and the micro-examination
results in Table 9. Due to the difference in initial

I- ....w . 1. .
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tensile properties of the two mnterisls, a direct comparison
of the results is not justified. However, it can be seen
that there is a much greater loss in strength of the
sheet specimens than of the extruded specimens and that
the low manganese sheet showed a greater loss in strength
than the normal manganese sheet.

These tests show that stress has an i:iportant
effect on the corrosion damage on sheet specimens. For

( both the normal manganese tind low manganese alloy sheet
specimens there was a far greater loss in strength of those
specimens exposed at the higher stress, than those exposed
at the lower stress which, in turn, was greter than the
loss in strength of the unstressed specimens. One of the
low manganese sheet specimens nominally stressed at the
0.1% proof stress (24 tons/in2 ) was missing after 12 months'
exposure, and although the pieces were not found, it
has been assumed that it failed by stress corrosion. The
other sDecimen broke nt 19.1 tons/in 2 , or is less than
the initial stress of 24 tons/in 2 . The two ends of the
specimen were also tested, and broke at 21.7 and 21.4 tons/in 2 ,
with elongations of 2Z and 31, respectively.

Since the specimens are stressed in constant
strain by four-point load bending, the stress of the specimens
decreases once the elastic limit of the material has been
reached. Those specimens at the higher stress showed a
permanent set when removed from the jigs, and therefore

(Ii> the actual stress must have decreased during the test
to well below the 24 tons/in 2 which was originally applied.
The specimens stressed at 16 tons/in 2 did not show a
permanent set.

For convenience, specimens were all exposed in
the same jigs which had been used for the original field
tests, and the same initial stress was applied to both
alloys despite the differences in initial mechanical
properties of the two materials.

The results of micro-examination, Table 9, show
that the loss in tensile strength is broadly associated
with the amount and depth of corrosion attack. The low
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manganese sheet was corroded to a greater depth than the
normal manganese sheet, and the sheet specimens showed
much more corrosion attack than the extruded specimens.
Those sheet specimens stressed at 0.1% proof stress showed
a deeper attack than those at the lower (maximum design)
stress, which in turn was deeper than the unstressed specimens.
The maximum depth of the corrosion attack on the one
remaining low manganese sheet specimen nominally stressed
at 0.1; proof stress for 12 months was 0.038" or over
half the thickness of the specimen.

The stress, however, did not affect the amount
or depth of corrosion on the extruded specimens.

On both the sheet and extrusion specimens the
scatter of the tensile test results is too great to draw
any conclusions as to the variation in rate of attack
with time, except in the case of the stressed sheet specimens
which all show a marked increase in the rate of attack
during the last 6 months of the test. After 3 and 6 months'
exposure the corrosion attack was mainly of the pitting
type with some intercrystalline corrosion. After 12 months,
however, the attack tended to become more longitudinal,
accompanied by general sub-grain intercrystalline attack.
This type of attack penetrated inwards only on the tension
side of the stressed sheet specimens, but on both sides
of the extruded stressed specimens.

3.4. Influence of Welding on the Corrosion
Resistance of IE.l0 ond 10..15.

Since it appears likely that welding will destroy
directional effects in extrusions it may, therefore,
make HE.15 susceptible to stress corrosion. In view of the
extensive use of welded aluminium structures a programme
of work has been started to determine the effect of welding
on both IP.l0 and HE.15. Metrllic arc welded extruded
plates .25" thick, of both HE.10 and HE.15 have been supplied
and are being machined into specimens .1" thick suitable for

Sfield tests. Some of the original f1E.1O jigs have been
slightly modified o be able to accommodate the specimens

stressed at 4 T/in4 and 6 T/in2 . The specimens will be



exposed at Sheffield (Site I) and at the atmospheric
site at Hayling Island (Site III). They will be examined
visually after 3 and 6 months and nine specimens of each
alloy in each condition of stress, as well as unstreseed,
will be removed after 1 and 2 years. The remaining
nine specimens stressed at 6 tons/in2 and unstressed
specimens will be removed after 4 years.

These field tests should commence in 3-4 months
time. At the same time some accelerated stress corrosion
laboratory tests will be conducted.

4. LABORATORY TESTS.

4@1. Effect of ntmospheres of Vrious Humidities.

As described in R.22/6 saturated solutions of
various salts that would give known relative humidities
of the Pir immediately above them, were placed in boiling
tubes. Small pieces of I-ME.15 Pnd HE.lO were cleaned and
suspended above the solution from a cork which fitted
loosely into the top of the tube. Four tubes ranging
in R.H. from 67% - 92% were thus filled and placed in
a container maintained at a steady temperature of 19-220 C.

4 At the end of i yeir, there was only a slight
difference in the opperronce of the HE.15 specimens. Those
at the higher humidity atmospheres had a slightly darker
appearance Pnd very small amounts of corrosion product
were visible on the surface. There was no detectable
difference in the HE.IO specimens. After one year's
exposure, the specimens were removed, rnd each wrs sprayed
once with n 3 o sodium chloride solution. They were then
replaced in the same tubes as previously, -nd examined
after 3, 6 and 12 months.

Even after 3 months, there was an indication
that the higher the humidity the greater the corrosion
attack, with both IE.IO and HE.15, and this became more
pronounced with time. The attnck on HE.10 even at 92% R.H.
was isolated and resembled worm casts. That on I.15
was more general.

1 ___________________
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It seems clear that the relative humidity
does have an effect upon the rnte of corrosion of aluminium
alloys, provided there ic some other corroding nedium (io.e, thsq
chloride ion) present either in the atmosphere or on the
aluminium itself. At 67.3U R.H. the attack is very slight,
but it becomes increasingly severe up to 92o.

The specimens have been re-sprayed with 3%
sodium chloride solution, vnd again have been sealed in
their respective tubec until further examination.

4.2. Effect of Removal of Corrosion Products.

Previous tests (R.22/6) on the effect of removal
of corrosion products on IIE.15 showed that the corroding
conditions were too severe and masked any effect that the
removal might have on the rate of corrosion attack.

The extruded specimens, from the original batch
of HE.15 channel material, solution heat treated 1 hour
at 5000C. and aged 8 hours at 1700C. were sprayed daily
with a 3" sodium chloride solution and were kept in a
closed cabinet. The corrosion products had been removed
from different sets of specimens immediately before spraying
at the following intervals.

(a) Daily.

( > (b) Every three days.

(c) Weekly.

(d) Fortnightly.

This test has been repeated with two modifications.
The specimens were suspended outside in the normal
atmosphere, and from one set of specimens the corrosion
product has not been removed. Five channel specimens
were in ench set, one of these was hung vertically so that
the 3c sodium chloride spray solution could easily drain
off the specimens which would be washed by rain and dried
by sun. The other specimens were hung horizontally
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so that the underneath, protected by the flanges, could
not be washed or dried as easily.

The results of visual and microscopical
examination after two and seven months' exposure, are given
in Table 10, and it will be seen that there is still no
pronounced difference between any of the specimens. The
foliation attack is very localised and developed more
quickly on some specimens than on others. In the earlier
laboratory tests, the attack was not as localized, and
although it started at or or two points on each specimen,
it became more general.

The attack resembles, however, the attack at
the exposed atmospheric sites more than the previous tests did.

4.3. Simulation of Industrial Atmorpheres.
Effect of Additions to Humid S02 Test.

(a) Previous work and Description of Present Test.

The first series of tests made in order to
simulate an industrial atmosphere, by making additions to
the humid S02 beaker test, has been described in R.22/6,
where it was reported that the chloride ion produced
an attack resembling that observed with specimens exposed
to the industrial atmosphere of Sheffield. Similar
specimens have been exposed to a humid SO 2 atmosphere
containing various additions of HC1.

The apparatus used has been described in many
previous reports ((..g. R.2i). The additions of 3,
6 and 9 r ml. of normal hydrochloric acid were made to each
renewed solution and with each S02 addition. Theve were
equivalent to .11 gins, .22 gins, and .33 gins HC1, respectively.

Specimens of the original batch of channel of
HE.IO and HE.15 in the elevated temperature aged condition
were exposed to the three conditions of test. At the
end of each exposure period, 3, 6 and 12 months, duplicate
specimens in each alloy were removed from each beaker.

4.(
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The corrosion product was removed by 1mraodlIon in a
Cr 2  /i,1P04 solution. The specimens were then weighed,
and Thelr tensile properties determined. Microeections
were also made and examined.

(b) Results and Discussion.

The results of loss in weight, tensile tests
and micro-examination are given in Tables 11, 12 and 13,

( respectively.

The loss in weight determinations are not reliable
for the M.15 specimens exposed for 12 months, due to
the foliation attack, since it was impossible to dissolve
out the corrosion products without removing the layers
of metal betteen the bands of corrosion. Unfortunately,
one specimen of HE.15 exposed to the 3 mls. of HC1 for
3 months dipped into the solution and the loss in weight
is unduly high. Of the remaining results, there has been
a greater loss in weight of the specimens exposed to the
6 mls. of HC than to the 9 mls. which, in turn, is greater
than those exposed to 3 mls. The corrosion attack was
of the foliation and pitting type, and resembled that of
the specimens exposed at Sheffield, for 2 years. The
attack, however, was much deeper. The tensile tests
showed that there has been a greater loss of ultimate
after one year's exposure to the S02 and HC1 beaker test
than after 2 years' exposure to the industrial atmosphere
at Sheffield, and that there seems to be no substantial
difference between the specimens exposed to various amounts
of HC1. The general conclusion is that increasing the
amount of HC1 in the range 3 - 9 mls. does not increase
the rate of corrosion attack on HE.15, and that the rate
of attack is about 5-6 times greater for the humid 802
and HC1 test than for the exposure tests at Sheffield,
as judged by tensile tests.

'1 There was a much smaller loss in weight for the
HIE.l0 specimens than for the HIE.15. The values are
slightly larger after 6 months than 3 months, but after
12 months the loss of weight is about double that after
6 months. Increasing the HC added from 3 - 9 mls.
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sr.ems to have no obvious effect upon the rate of corrosion
attack as judged by any of the throe -methods used.
The micro-examination showed that the type, amount and
depth of attack rusembled that on HE.10 specimens exposed
at Sheffield for 2 years.

Compared with field tests, tho HE.10 material
shows much less attack than H.15 material, whereas there
was little difference in thu two materials after 2 years'
atmospheric exposure, but it is possible that a better

(y relative correlation between the corrosion behaviour of
the two alloys will emerge from longer term field tests
(4 and 8 years) and it may be that the S02 HC1 test will
prove a useful accelerated test. The high humidity of most
laboratory tests appears to accelerate the foliation type
of attack.

4.4. Effect of Various Heat Treatments on Corrosion
of Normal bnd Low manganese alloys.

(a) General.

Sheet (.036" and .05") specimens of the low
and normal manganese alloys (Appendix I) as well as extrusion
specimens cut as discs .1" in thickness of the 2" diameter
bar were heat trcsted at 500 0 C. and aged at 1700C. for
various lengths at times as follows:-

Sheet specimens .05" and .036"

Hett treated 4 hours at 50000. Aged 4 hours at 1700C.
4 t " 24 1 " i
4 " I t 168 " " "
24 It It 4 i 1

.05 only. 24 " " " 24 " "
24 " " " 168 " " "

_ _
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Extruded specimens I hour at 500 0 C. Aged 4 hours Fat 1700C.
1 i " ' " "24
1 I " " 163 U "I "14 ii II I 4 U " "

4 "t " " 24 " " "2* 4 I I 168 " " "
24 " " " 4 " " "
24 " " U 24 " " "
24 " U U 168 " U "

The specimens were sprayed once daily with a 3%
sodium chloride solution and were examined visually after
1, 3 and 6 months, at which times microsections were
prepared and examined. The results of the visual examination
are given in Tables 14, 15 and 16, and of the microscopical
examinction in Tables 17, 18 and 19.

(b) Results and Discussion.

Since the surface of the extruded specimens in
contact with the 31 sodium chloride spray is normal to
the extrusion direction, the corrosion attack penetrated
inwards as pits, or fine hairline cracks, parallel to the
extrusion directionand after 6 months it had penetrated
in some cases over half the thickness of the specimen.
This same type of attack is dcscribcd as '"foliation or layer
corrosion" in other sections of this report, since then it
runs parallel to the surface of the specimun in contact

a. with the corroding modium and is described either
as pitting sr layer attack in Tablcs 17 - 19, depending
upon the width of the attack. There appears to be little
or no difference between the two alloys as judged by
visual examination, although the attack on the low manganese
alloy extruded discs was perhaps move general than on the
normal manganese alloy specimens.

Micro-examination also shows that there is a little
difference in the attack on the extruded specimens of the
two alloys. The results agree with previous work (R.22/6)
on effect of heat treatment on ME.15 that the length
of time of ageing has more effect upon the rate of corrosion
attack than the time of heat treatment. There was,
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in general, more pitting and fine subgrain attack on the
normal than on the low manganese extruded specimens.
There is some evidence that the amount of attack decreases
slightly with increasing time of heat treatment, and a
pronounced evidence that the amount of attack decreases
with increasing time of ageing. There is, however,
a greater improvement by increasing the time of ageing
from 4 to 24 hours, than from 24 to 168 hours. Those
specimens heat treated for 24 hours and aged for 24 and
168 hours showed the least amount and dopth of attack.
The attack on the low manganese alloy appeared to be worse 4
than on the normal manganese alloy.

The same relationship between time of heat treatment
and ageing with corrosion attack was true for the sheet
specimens as well, although the time of heat treatment
had a greater effect than upon the extruded specimens.
The intercrystalline corrosion attack showed slightly more
longitudinal tendency on the normal manganese containing
alloy than on the low manganese containing alloy, cspecially
on the 0.05" sheet.

5. STRESS CORqROSION.

5.1. Determination of Safe Level of Stress for H1I5.

The results of stress corrosion tests on H15
studying the effcct of manganeso on the directionality
shown by cxtrusions (A.22/7) has shown that although
(HE.15 is not susceptible to stress corrosion when stressed
in the dircction of extrusion, it is very susceptible
when strussod transverse to the extrusion direction.
Shoot specimens arc also very susceptible to stress corrosion.
It is important, therefore, to determine if there is a
safe level of stress below which stress corrosion will
not occur in H15 shot and extrusions when stressed normal
to the extrusion dircction.

The results, to date, are given in Table 20.
The matcrial used for this section of work was thu normal
manganese alloy referred to in Appendix I. The specimens
were stressed in direct tension by means of lever operated jigs.



The specimens were small cylindrical bar type test pieces
with threaded ends, and a gauge length of l' and diameter
of 0.179". The specimens were in a vertical position
and their gauge lengths were sprayed once daily with a
3A sodium chloride spray. The specimens were made of the
normal manganese alloy as described in Appendix I. The
sheet specimens were machined from .2" thick sheet
so that the gauge length was longitudinal to the direction
of rolling. Previous work (R.227) has shown that the
direction of rolling has no effect upon the stress corrosion
properties of this material. The extruded specimens were
machined from the 2" diameter extruded bar so that the
Longitudinal axis was normal to the longitudinal axis
or extrusion direction of the bar.

Comparing the two series of results given in
Table 20, the stress that can be sustained is slightly
higher for the sheet material than for the transverse
extruded material. It has been shown (R,22/7) that specimens
cut from the same bar with the longitudinal axis parallel
to the longitudinal axis or extrusion direction of the bar
were riot susceptible to stress corrosion in bend tests
and failed in direct tension after 125 days stressed at
16 tons/in2, 60 days stressed at 20 tons/in 2 and 77 days
stressed at 24 tons/in 2 . There are some tests in each
material which have recently been started and which have

( been noted in Table 20. Although the results are incomplete
the fact that failure has taken place at stresses as low
as 6 tons/in 2 in transverse specimens from extrusions,
and 8 tons/in2 in sheet, suggests that there is virtually
no safe limit of stress for these materials. Any structural
part must be expected to carry loads of this order, and
even on parts which do not carry any externally applied
load the internal stresses must approach these values.

5,2. Prevention of Stress Corrosion by Protective
4Coatings.

It is obvious that some kind of protection is necessary
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before H15 alloy sheet and extrusions stressed normal
to the direction of stressing can safely be used for
structural work in corrosive atmospheres, and some
preliminary tests have been carried out in order to see
if protection can be given by metallic sprayed or painted
coatings which if anodic to the basis duralumin will
protect it sacrificially similarly to cladding on sheet.

Sheet specimens of the normal manganese alloy
.036" thick have been sprayed with .002" coatings of commercial
purity aluminium (99.7) aluminium/lb zinc, and zinc,
and some were painted with two brush coats of metallic
zinc paint. These were stressed in a cantilever or one
point load type of jig, and sprayed once daily with a 37
sodium chloride solution. This work has previously
been described in R.22/8.

The results are given in Table 21. There has
been no failure of specimens coated with aluminium or
aluminium/l7 zinc after 476 days at 18 tons/in 2, and 265 days
at 24 tons/in 2 . The zinc sprayed coatings give less
protection and the metallic zinc paint still less, Even
the latter does, however, greatly lengthen the life of
the sheet specimens.

Tests are also being made on HS.15 specimens
which have been given two different types of painting
schemes, with and without scratch marks. Since there was
not enough of the normal manganese alloy material available
and different material was necessary, some specimens have
been sprayed with aluminium to give a comparison between
these tests and the previous ones. No results have yet
been obtained.

* Some HE.15 channel specimens from the original
batch of material are being given sprayed coatings of
aluminium, and similar specimens will be given two brush
coats of metallic zinc paint. These unstressed specimens
will be sprayed once daily with a 3% sodium chloride solution
and kept in a closed cabinet to see if these coatings
will also prevent the foliation type of attack on extruded
specimens.
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VI. SUMMIARY AND CONCLUSIONS.

1. IE1O and IM'15 exposed to field corrosion tests
at five sites for periods of 12 and 24 months confirm
previous findings.

2. Field tests on HE10 alloy with added copper contents
up to 5% are inconclusive after 24 months' exposure.
Increasing copper content increases directionality of
attack.

3. Comparative field tests on sheet and extruded
H15 alloy with low and normal manganese contents for periods
up to 12 months show that -

(a) Sheet material is subject to stress corrosion
in these conditions whereas extruded material stressed
parallel to the direction of extrusion is not.

(b) There is a slightly greater amount of attack
with the low manganese material.

4. In laboratory tests it has been shown -

(a) That relative humidity is a very important
factor in determining rate of attack, and a high humidity
strongly favours foliation type of attack in HI15 alloy.

(b) That periodic removal of corrosion products
during salt spray testing does not influence rate ofettack.

(a) That the HE10 alloy is much more resistant
than IM15 to the humid 802 test with HC1 additions,
and that foliation attack develops rapidly in the HE15 alloy
in this test.

(d) That the effect of variations in solution
and ageing heat treatment times on normal and low manganese
H15 sheet and extruded unstressed specimens does not markedly
affect rate of corrosion in salt spray, but there is some
tendency for corrosion to decrease with increasing time of
solution heat treatment, and also to decrease with increasing
time of ageing. This effect becomes more marked in H15 sheet.
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Manganese tends to decrease the rate of attack and causes
more marked directionality in both sheet and extrusions.

(e) Stress corrosion failures in salt spray
have taken place in 1115 sheet at a stress of 8 tons/in 2

and in H1I5 extrusion stressed normal to the extrusion

direction at a stress of 6 tons/in 2 . It is doubtful
if a practical safe level of stress exists, particularly
in the specimens cut transverse from extrusions.

(f) Very promising results have been obtained
on specimens of H15 sheet specimens sprayed with commercial
purity aluminium and aluminium/l% zinc alloy. No failures
have so far occurred in salt spray with stresses as high
as 24 tons/in2.

VII. WORK IN HAND.

1. Field tests will continue and specimens will be
examined after exposure times of 4 and 8 years at
five sitos in HE-10 and BE15 specimens.

2. HE10 specimens with copper contents up to 0.5%
will be examined after exposure for 4 years at two sites.

3. Preliminary examination and cutting of specimens
j ( from metallic arc-welded Ha10 and HSl5 plate are complete,

and field exposure and laboratory corrosion tests will
start shortly.

4. Work will continue on the correlation between laboratory
and field corrosion tests.

5. Laboratory salt spray tests to determine safe level
of stress for H8l5 and HEI5 specimens cut transversely
from extrusions will continue.

6. Laboratory tests will continue on the influence
of protective coatings on tendency to stress corrosion.
These will include painting of sheet and metal spraying.

4 1



-22-

4 VIII. FUTURE WORK.

1. Layer Corrosion.

It is strongly recommended that work be put
in hand to study the mechanism of layer corrosion,
particularly to determine whether this tends to proceed

( !at an accelerating rate. Since layer corrosion appears
to proceed along planes of heterogeneity, efforts should
be made to correlate this with heterogeneity in the original
ingot and to determine the composition of layers which
are preferentially attacked and which are resistant.

2. Susceptibility of other alloys.

In view of the susceptibility of the H15 type
alloys to layer and stress corrosion, it is recommended
that a programme of exposure tests similar to that already
carried out on the H10 and H15 alloys be undertaken
with the aluminium/copper/cadmium and aluminium/zinc/
magnesium alloys.

EAGL/WAB/EA'
5.11.53.

j A,



MICROSOOPIOAL ZXAMI0ATI OF 15 SPEC N

N.B. The expression "foliation attack" in this table signifies that
this form of attack appears on a micro and not necessarily on a
macro scale*

Period Stressed at Stressed at 0.1%
Site of Design Stress Proof Stress. I Unstressed

Expo sure

I 12 General shallow pitting and general
Sheffield months foliation attack.

( MD 0. 008 M.D. 0.007 M.D. 0.005

24 General foliation attack.
months M.D. 0.007 M.D. 0.010 M.D. 0,008

II 12 General foliation attack*
Euston months M.D. 0,004 1 M.D. 0.004 M.D. 0.005

34 General foliation attack*
months M.D. 0.007 M.D. 0.006 M.D. 0.006

III 12 General foliation uttack,
Hayling months M.D. 0.008 M.D. 0.007 M.D. 0.005~Island

Atmos- 24 General foliation attacks
(Vherio months

rnine M.Ds 0.009 M.D. 0.008 M.D. 0.005

V 12 Slight isolated attack some speoimens attaoc
Haylijg months negligible.
Island. M.D. 0.002 M.D. 0.001 M.D. 0.001
immersion 24 Isolated foliation attack. No unstressed

months M.D. 0.006 M.D. 0.006

, II 12 Slight isolated foliation attack some
Christ- months specimens attack negligible.church M.D. 0003 M.D. 0.001
Total""

Immersion 24 Isolated foliation attack, some specimens
months attack negligible.

M.D. 0.003 M.D. 0.009 M.D. 0.005

K M.D. = maximum depth



MICROSCOPICAL EXAMINATION OF HE1O SPEOES

Period Stressed at Stressed at 0.1%
Site of Design Stress Proof Stress. Unstressed

Exposure

I 12
Sheffield months General intercrystalline corrosion with some

intercrystalline pitting,
M.D' O012 I M.D. 0.014 M.D. 0.010

24 General interorystalline corrosion with
months some isolated attack. I

M.D. 0.010 M.D. 0.016 M.D. 0.008

II 12 General interorystalline corrosion
Euston months M.D. 0.008 I M.D. 0.016 M.D. 0.010

24 General interor stalline corrosion
months M.D. 0.008 M.D. 0.008 M.D. 0.008

III 12 General interorystalline corrosion.
Hayling months M.D. 0.012 M.D. 0.009 M.D. 0.010
Island 2
Marine 24 General interorystalline corrosion#
nhere, months M.D. 0.013 I M.D. 0.013 M.D. 0.009

v 12 Isolated interorystalline corrosion.
Hayling months M.D. 0.016 M.D. .005 M.D. 0.016Island
Total 24 Isolated interorystalline corrosion.
Immersion months M.D. O.OQ3 M.D. 0,0021 M.D. 0.005

VII 12 Isolated interorystalline corrosion#
Christ- months M.D. 0.018 M.D. 0.013 Some roundel.. churchI pits,
Total M.D. 0,020

J ImmersionA 2 4 Isolated intercrystalline corrosion.
months M.D. 0.011 M.D. .021 M.D. 0,020

K M.D. = maximum depth.

At V



TABLE 3.A.

T NSILE TESTS ON SPEN AFTER 12 MONTHS... PosUR. ATS Q T3- I (SHM,11F LD) .

HE 10 HE 15

Ist Series 2nd Series Average Ist Series 2nd Series Average
U.T.S. U.T.8.

U.T.S. EJ% U.T.J E1% 1st 2nd U.T.S El% U.T. . E1% Ist 2ndT/in2 Tin Tlin2 I T/in'

Design Stress.

16.5 8 0 16.8 9 29.7 4 27.7 7
i6.1 8 16.6 11 16.4 16.6 29.0 6 29.3 6 28.7 28.4
16.6 10 16.5 10 27.3 6 28.2 9

0.19 Proof Stress* I
16.9 8 15.9 9 27.4 8 29.5 8
16.o 6 16.8 9 16.4 165126.6 8 27.1 5 26.7 28.6
16.3 6 16.7 9 26.1 6 29.3 6

Unstressed.

17.0 8 18.6 13 1,28.3 6 28.5 9
17.2 8 18.7 12 17.2 18.41l27.8 6 28.5 9 28.0 28.7
17.4 10 17.9 10 27.9 8 29.0 9

16.7117.2 1 27.8 28.6
_______________ ________________________ i _________________________ _____________________

_ _ _ _ _



TABL .B

TENSILE TESTS ON SPECIMENS AFTER 12 MONTHS
EXPOSURE AT SITE II (EUSTON ST. ).

RE 10 HE 15

Ist Series 2nd Series Average Ist Series 2nd Series Average
U.T.S. U.T.S.

U.T.l. El% U.T.S. El% Ist 2nd U.T.S. El% U.T.S. Ely ist 2nd
T/i T/in 2  T/in2  T/in 2

Design Stress

17.6 10 17.5 11 28.9 8 30.4 8
18.2 8 17.7 13 17.8 17.6 28.6 10 28.8 9 29.0 29.3
17.5 8 17.6 11 29.4 6 28.6 9

0.o1 Proof Stress

17.5 8 18.4 10 30.1 6 28.4 9
17.7 8 18.3 10 17.6 18.3 30.1 7 29.9 7 28.8 29.5
17.6 10 18.1 9 28.2 8 30.3 7

Unstressed

17.8 12 18.5 9 30.2 6 29.5 9
18.1 12 18.8 10 17.9 18.7 29.7 8 29.0 8 29.7 29.7
17.8 12 18.9 10 29.2 8 30.6 8

17.8 18.21 29.4 29.5

I.V

K7TJ



1TAP4UE 3,_Qo

TE 31LUTESTS_ ON SPECIMENS8 AF'TER 12 MONTHS
EXPOSURRAT SITE III tHAYLINIG

ISLAND, MRINE ATMOSPHE).

HE 10 HE 15

1st Series 2nd Series Average lst Series 2nd Series Average
U.T.S. U.T.S.

U.T.S.|El% U.T.S. El% Ist 2nd U.T.S. El% U.T.S. El% Ist 2nd
T/in2  Tin2 T/i 2  T i 2

Design Stress
18.8 7 18.2 9 28.5 7 28.7 8
18.5 7 18.6 9 18.5 18.3 27.0 9 27.4 8 28.4 28.9
18.1 8 18.0 9 29.7 7 29.7 10

0.1% proof Stress

17.8 10 18.4 7 29.9 7 26.5 10
17.7 8 18.3 7 17.8 18.3 27.2 5 28.6 8 28.6 27.4
17.9 8 18.3 8 28.7 8 27.2 10

Unstressed
18.0 8 18.0 10 29.2 7 29.0 7

( 18.2 9 17.8 10 18.2 17.7 31.0 7 30.07 30.3 28.9
18.4 9 17.2 8 30.7 6 27.6 4

18.2 18.1 28.8 28.4

_ - _ __ _ 1



I
TABLE 3.D.

TENSILE TESTS ON SFECIMENS APTER 12 MONTHS
MCPOSUR7E AT SITE V (HAYLITG
ISLAND TOTAL IMMERSION).

HE 10 10 15

1st Series 2nd Series Average Ist Series 2nd Series Average
U.T.S. U.T.S.

U.T.8. El. U.T.S. El% Ist 2nd U.T.S. 31% U.T.8. E.l % Ist 2nd
T/in2 T/in2 T/in 2  T/in 2

Design Stress

17.7 12 19.0 16 31.6 8 30.2 12
17.6 12 18.0 10 17.7 18.6 30.5 12 30.0 11 30.7 31.5
17.7 15 17.7 15 30 9 34.2 8

0.1% Proof Stress

18.6 !12 19.6 12 31.1 8 32.1 9
19.0 12 19.4 12 18.9 19.4 31.1 10 32.0 10 31.3 32.0
19.0 12 19.3 12 31.8 9 32.0 10

Unstressed

18.3 12 18.5 12 29.5 10 31.1 9
18.-4 8 18.4 15 18.3 18.2 30.4 10 30.0 10 30.1 30.5
18.3 13 17.7 10 30.3 9 30.5 9

18.3 18.7 30.7 31.3

I------r ~
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TABix 3.E

T qNSILE TESTS ON 3P,IMINS AFTER 12 MONTHS..... SIT., VTT (QHRISTC'URCH
T TAL llqCRSION.

HE 10 HE 15

Ist Series 2nd Series Average 1st Series 2nd Series Average
U.-T. S TJ.T.S.

U.T.S. E1% U.T.S. E1% Ist 2nd U.T.S. El% U.T.S. El% Ist 2nd
T/in 2  T/in 2  T/in 2  T/in2

Design Stress

16.4 8 14.9 2 29.8 - 30.7 10
15.7 4 16.2 3 15.5 15.5 26.2 5 31.0 10 28.3 30.6
14.4 4 15.5 4 28.8 8 30.0 10

0.*1 Proof Stress

15.2 4 17.8 15 29.1 8 30.9 11
15.5 4 18.6 5 16.3 18.3 29.6 8 29.7 4 29.5 30.5
18. 1 10 18.6 6 29.9 8 30.8 10

Unstressed

19.4 13 16.2 4 31.7 6 31.1 9
17.4 5 16.5 6 18.3 16.2 30.1 10 30.3 7 30.1 30.4
18.1 14.0 15.9 5 28.4 8 29.9 10

16.7 16.7 29.3 30.51

I

4- 4



TABLE, 3-F.

TENSILE TESTS ON SCECIMENS AFTER 24 MONTHS
EXPOSUREAT__SITE I (SH:FIELD).

HE 10 IE 15

rst Series 2nd Series Average 1st Series 2nd Series Average
U.T.S. U.T.S.

U.T..I El% U.T.S. El% 1st 2nd U.T.S. El. U.T.8. El% 1st 2nd
T/in2 T/in2  T/in2  T/in 2

Design Stress

16.8 6 17.7 10 28.0 7 28.9 7
16.5 11 16.9 9 16.9 17.1 29.4 7 30.2 5 28.9 29.4
17.3 8 16.6 12 29.2 6 29.0 8

0.1% Proof Stress

16.8 8 16.2 9 29.3 4 26.1 5
16.3 10 16.5 9 16.6 16.3 28.3 4 22.2 x 28.3 25.4
16.6 9 16.1 9 27.4 6 27.8 6

Unstressed

( 16.7 9 17.1 12 26.6 4 28.1 6
17.2 10 17.0 10 16.9 17.0 20.3 x 27.8 5 25.2 28.2
16.8 10 16.9 11 28.8 4 28.7 6

16.8 16.8 27.5 27.6

x Broke outside gauge length.

7.



TABXLE 3 G.

TENSILE TESTS ON LECIMENS APTER 24 MONTHS

HE 10 HE 15

1st Series 2nd Series Average Ist Series 2nd Seriesl Average
Us T.S. ...U. T US.U. T,8 El U. T. 8.E=C2 Ist 12nd UTI .. T/iUn7Ez 2

T/in T/in T/in'. T/. .___2

Design-Stres's

17.8 11 17.4 13 29.6 8 27.8 9
17.5 11 17.6 12 17.6 17.3 28.6 9.5 30.0 8 29.4 29.4
17,4 12 17.0 12 28,7 10 30.3 8

0.1% Proof Stress

17.4 10 17.8 12 30.7 10 29.5 8
17.3 10 17.9 12 17.4 17.9 30.5 6 29.2 7 30.6 29.1
17.4 - 18.1 10 30.5 7.5 28.5 7

( Unstressed

17,8 11 17a,5 12 29,8 8 28.7 8

18.0 11 18.1 12 17.9 17.8 30.0 9 30.0 8 30.0 29.2

17,9 11 17,7 12 30.2 8 29.0 9

17.7 17.7 30.029.2

'4I

jt

b7



TABIL 3. H.

TENSIE TESTS ON IECIIW1ENS ATER 24 MONTHS
EMDOSURE AT SITE III (HAYLING ISLANDA

MARINE ATMOQPHERE).

HE10 HE 15

let Series 2nd Series' Average 1st Series 2nd Series Average
_s _ UT U_ _oS

UT,. El, Us T, , E16 I1st 2nd UT, E -U T, I E1 ' 1st' 2nd
T/inm T .T/ __...... T/in -

Design Stress

17.8 8 17,1 10 29.0 5 28,9 7

17.9 10 18.1 10 17.8 17.7 28.2 7 29.1 3 28.7 29.5
18.0 10 17,8 9 28,9 6 30.4 9

00,1? Proof Stress

17.1 8 18.3 7 28.9 6 27.5 7
17.2 10 17.8 7 17.3 17.7 28.1 4 30.3 8 28.7 28.4
17.6 10 17.1 11 29.2 6 27,.5 5

( Unstressed

17.6 10 19.1 11 29.2 8 29.7 8
18.4 10 18.6 10 17.7 18.8 23.8 4 28.9 8 27,4 29.0
17.2 11 18.6 8 29.2 7 28., 10

17.6 18.1 28.3 29.0

. .



TABLE 34 .

TENSILE TESTS ON SPECIMENS AFTER 24 MONTHS
QVOSURE AT SITE V (HAYLING ISAND,

TOTAL IMMERSION.)

HE 10 HE 15

I I
let Series 2nd Series Average let Series 2nd Series AverageU. T. S.I U.T. 8.

U.T. .i E] ~% .. EI as 2nd U,.T, I ... lift n

Tin TI T/in- - -s

Design Stress

173 15 19.4 13 30.0 12 31.8 12
17.5 14 19.7 9 17.4 19.4 31.4 9 31.4 8 30.9 31.3
17.3 7 19.0 13 31.4 9 30.6 10

0.1% Proof Stress

18.1 10 19.4 9
18.2 13 19.6 11 18.3 19.2 29.4 11 31.3 10

( 18.6 5 18.5 4 30.4 10 31.2 9 29.6 26.8
29.0 11 17 .9 K 2

Unstressed

18.0 14 19.5 12
17,1 - 19,3 12 17.6 19.4 No Unstressed
17.6 10 19.4 13

17.8 19.3 30.3 29.1

Ebroke at area of severe localized attack.

~I



TAB"1 3qX.

TENSILE TESTS ON SPECDIENS AFTER 24 MONTHS
EXPOSMU AT SITE VII (CMIUSTCHUR CH

TOTAL IMMERS ION.)

HE ~10 HIE 15

lst Series 2nd Series Average lst Series 2nd Series Average
_,_ ,_U. T. S.J _,, U._T._S.

U. T. B. E0 U.T. . Ei% 1stJ 2nd U. T. . E1% U. T. E1% st 2nd

T/i'- T/n - I T/in T/iM -

Design Stress

16.6 7 1 17.9 2 27.2 5 30.8 9
16.6 - 16.7 6 15.5 17.1 28.1 8 30.8 28.8 30.3
13.4 5 16.8 4 31.5 11 29.3

0. 1 Proof Stress

18.8 9 19.6 14 30.8 9 31,0 9
18.4 8 17.4 4 18.5 18.3 30.2 6 31.6 9 30.4 31,2

()18.4 6 17.9 10 30.2 8 30.9 10

Unstressed

17.8 5m 17.6 9 31.1 9 30.0 9
18.9 12 14.8 4 18.4 16.9 31.M4 8 29.6 8 30.8 30.21
18,6 8 18.3 13 29.8 9 30o9 5

17.4 17.4 30.0 30.6i

-Fractured at deep pit.



TABLE 4.

TENS"'I TESTS ON CONTROL gLO jjIUWNS AlTER

12 months 214 months.

Ist Sceriese 2nd Series. Ist Series. 2nd Series.
U. . l I EU. T U.T.. .1% U. T.T. Tln 2  T/ii T/inz  T/in I

' +
- fl 10.

18.6 12 18.9 12 18.8 8 17.7 13
17.7 12 19.2 12 18.7 9 17.1 13,5
19.2 12 1:9.2 12 19.2 9 17.7 13.5
19.0 12 17.6 10
18.8 10 17.7 11
18.8 8 17.8 9

18.7 12
18.9 8
18.7 10

Ave A a ,e Average Aera e
18.7 11 18.1 12 18.5 9.5 17.5-17-4

( ' 29.9 8 30.7 8 30.1 8 29.7 10
33.4 6 29.8 8 31.0 9 31.2 10
30.0 8 31.6 8 31.7 9 29.4 8
30.4 10 31.2 10
32.4 10 31.8 11
31.3 6 30.9 9
29.0 11 30.2 12
30.5 11 31,4 8
28.4 12 30.4 10

SAverage Average Average
J, 30.6 9 30.7 8 31. 30.1 9

4

a1, -



TABLE_5.

TENSILE TESTS ON H31.0 SPEC3VENS CONTAINING VARIOUS
AMUT OF1UPR AIMD 2 YEARS' Z

AT... -. .... .... ( - -ffA,-.- ---- ..-

Controls She1 f 18e9d Hay1in Island

%o Copper 1 8,9 a 8 2 .3r iye s .4 r 2 e ai
UTS 'l. UTS 3l1E. UTS El. UTS UTS S 7

___- 2 % T/n % Ti % Ti2% Ti /n7

<0.01 18.8 14 18.9 16 18.0 16 17.7 12 18.4 12 18.9 2
18.9 16 19.0 15 17.8 14 17.6 12 18.3 13 18.8 po
18.7 14 18.9 15 17,8 13 17.3 11 18.4 13 18.4 10

0.022 18.1 15 17.8 17 16.6 16 16.5 14 17.~5 12 16.8 11
17.9 15 17,8 18 16,7 15 16.4 14 17.3 15 17.6 13
18.2 15 17,5 17 16.3 12 16.4 13 17.4 15 17.4 12

0,030 19.4 14 19.7 17. 17,9 - 16.6 6 18.3 11 17.0 9
19.4 14 20*3 15 17.7 11 17.5 8 18,7 11 16.8 7
19.4 14 20.3 15 17.6 ;0 17.1 8 18.7 10 17,4 12

0,088 18,0 15 17.75 17 15.3 12 16.0 13 16.1 10 17.6 12
17.6 17 17.8 17 15.3 12 16.0 11 16.0 11 17.9 12
18.3 16 17.9 14 15.2 10 15.8 18 16.0 11 17.9 12

0.160 20.4 16 20.5 17 18,4 13 18,6 12 19.1 9 19.0 10
20.3 16 20,6 17 18.6 12 18.3 10 18.5 11 19.0 10
20.6 16 20.4 17 18.1 12 18,5 13 19.3 12 18.4 11

0.21 20.4 16 20.1 18 18.9 14 17,7 13 18.8 10 18.7 14

* 20.3 16 20.4 !16.5 19,1 15 16.9 10 19.7 15 18,9 13
20.2 16 19,9 18.5 18.3 12 18.1 13 19.3 12 19,4 13

0,32 20,0 16 2090 18 17.8 15 17.7 15 18.2 11 17,7 14
20.0 16 20.0 18 18.2 16 17.7 12 18,3 12 17.0 10

j 20.0 16 20.0 19 17.7 14 17.5 11 17.8 9 17,2 10

0,47 20.7 16 21.3 19 19.3 14 18,9 14 18.8 11 18.6 15
20.6 16 21.7 17 19@1 15 18.5 14 18.7 13 18.6 10
20.8 17 21.6 17 18.8 14 18.9 13 18,8 12 17.1 10

T ' • - - --- _ - - .



MICROSCOPICAL EXW-IINATION OF IEn SPEClIMENS

% Copper 1 year 2 years

<'.01 General i.c.K and pitting, General i.c. and pitting,
M.DO 0.015" M.D.0 0.013"

0.022 General i.e. and pitting. General i.e. and pitting.
Slight micro foliation. MD. 0.013"

M.D. 0,010".

0.030 General i.e. and pitting. General i.e, and pitting,
M.D. 0.016" M.D. 0.012"

0.088 General i.e. and pitting. General i.e. and pitting,
M.D. 0.014" M.D. 0.011"

0.160 General i.e. and pitting. General i.e. and pitting,
M.D. 0.010" M.D. 0.010"

0,21 General i.e. and pitting, General i.e. and pitting.
M.D. 0.010" M.D. 0.015"

0.32 General i.e. and pitting. General i.c. and pitting,
M.D. 0,012" M.D. 0.016"

0.47 General i.e. and pitting, General i.e. and pittinge
M.D. 0.011" M.D. 0.019"

K i.e. = intercrystalline corrosion
0 M.D. = maximum depth

47V.
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MICROSCOPICAL EXAINATION OF HE10 SPECIMENS

% Copper 1 year 2 years

(0.01 Slight general i.e. Slight general i.c,
M.D.0 0s009" M.D. 0.012"

0.022 Slight general i.e, General i.o,
with some isolated M.D. 0.012"
more severe areas.

M.D. 0.0121"

0.030 Slight general i.c. General i.e.
and pitting. M.D. 0.015"
M.D. '011"

0.088 Slight general i.e. General i.e.
M.D. 0.011" M.D. 0.013"

0.160 Slight general i.e. General i.e.
with some isolated M.D. 0.011"
severe areas longi-
tudinal tendency,
M.D. 0.016"

0.21 Slight general i.e. General i.e.
with isolated small M.D. 0,011"
pits longitudinal
tendency,

M.D. 0,009"
0.32 Slight i.e. rather General i.e.

isolated pits, longitudinal tend-
M.D. 0,015" eney, M.D. 0.011"

0.46 General fine i.e. General i.e. longi-
with slight tend- tudinal tendency.
eney to foliation. M.D. 0.016"-- M.D. 0.012" 1

x i.e.1 interorystalline corrosion
o M.D. = maximum depth



TABTLE ".

TraSII TESTS ON OW LUWMANESA ARD HIH I

-- - -, . .+

3 months 6 months 12 months) + Ncminal

Material Stress U.T.$, El. U.T.. E1. U.T.S. El.
T/in?. % T/in % T/in2  %

Sheet Design 27.3 5 27.9 7 23.6 2
t Stress 28.5 7 28.0 7 23.7 4

Low 16T/in2

Manganese

Controls .1% P.S 28.5 9 27.7 6 19.1 1
UTS El. 24T/in2 28.8 7 27.8 6 speoimen missin
T/in2 % presumed failed,

28.3 10
29.1 10 Un- 28.2 7 27.9 6 26.5 6

stressed 28.0 7 27.8 5 25.1 3

Normal Design 31.2 8 31.0 8 28.2 2
Manganese Stress 31.2 8 30.8 8 28.4 3

16T/in
2

Controls .1% P.S. 30.9 7 30.8 8 26.2 1
UTS El. 24T/in 2 31.5 8 30.4 8 25.3 1
T/in 2 %
33.5 8 Un- 30.8 7 30.5 8 29.6 5
32.3 8 stressed 31.2 7 30.2 8 29.0 4

E trulsion

Low .1% P.S. 23,5 12 22.5 12 24.79 3
Manganese 24T/in2 28.0'E 5 29.1k 6 22.9 12

Controls
UTS Ell Un- 22.9 10 28.31 5 22.7 10
T/in2 % stressed 28,6 K  8 2 7 . 0 w 8 27.6' 5

23.7 il
25.6 10
2 9 : 9  8

Cont'd.9,,

A-a

, ,



TABLE 8 (OONVELL

Material Stress Tn 2  '" T/nt%

Normal .1% P. 31,6 5 31.4 6 28.3 3
Manganese 24T/in' 32.0 7 31.6 6 28.'? 3

Controls
)TS 3l. Un- 29.5 3 30.1 4 29.7 4

' T/in 2 % stressed 30.7 6 30.4 4 29,3 5
33.56

a See Notes and Table 8A.

m Note (Table 8), The scatter of results both in the control
sPecimens and in the corroded specimens has been found to
be due to marked differences in the microstructure of the
specimens which can be broadly divided into two distinct
types. The one type of specimen indicated by K has
been found not to have recrystallized and to possess a
relatively small grain size. The remaining specimens are
recrystallized and generally large grained. In corroded
specimens marked a the attack is of the sub-grain type
and the other large grained specimens show no sub-grain
attack. The mechanical test figures were checked on
additional specimens cut from the ends of original stressed
specimens, one end of the test piece being just outside
the zone of uniform stress. No material was available from
the unstressed specimens. The results together with
microscopic 6xamination are given in Table 8A. These
differences in microstructure and properties are presumably
due to differences in degree of working in extrusion on
material in different positions of the original 2" diameter
extruded bar from which these specimens were out.

V -



TABLE 8A.

Original Check test
Tensile Test from offoutSpecimen U.. T7-- l.".. Micro-examination

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ t o n s / i n 2  % t o n s / i n %

Stressed a Recrystallized large grain
24 tons/In 0.1% 23.5 12 23.6 12 no sub-grain attack. A.

*roof Stress and
corroded 3 months 28.0 5 30.3 7 Small grain sub-grain

G (I attack. Be

4s above but
corroded for 6 22.5 12 23.0 12 As A.
months

29.1 6 29o5 7 As Be

As above butcorroded for 12 24,7 3 26.2 4 As B.

months
22.9 12 22.2 12 As A.

Unstressed 22.9 10 - As A.
corroded 3 months

28.6 8 - Intermediate between A & B.

nstressed 28.3 5 As B.
corroded 6 months

27.0 8 - Intermediate between A & B?

nstressed 22.7 10 As A.
corroded 12 months 27. 6 5 As B.

D

N4
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MICROSCOPICAL EXAMINATION OF LOW MANGAN'IESE AND

Material Stress 3 6 12
Months Months Months

Sheet Design Slight pitting General shallow i.c. with
- general i.c. i.e. pitting, longitudinal

M.D.0 .008" M.D. .008" tendency on
compression

Low .1% General i.c. General shallow side but
Manganese P.S. M.D. .010" i.e. pittin,. penetrating

M.D. .010" inwards on
tension sides

M.D.Design .0WO
M.D. .I%P.S .03."

Un- Rather iso- General shallow General i.e.
skressed lated i.e. i.e. pitting. MD..013"

slight pitting. M.D. .010"
M.D. .010"

Design Slight general General shallow i.e. with lone-
and pitting, and i.e. pitting. itudinal

.1% P.S. isolated i.e tendency on
M.D.Design .004" M.D.Design .004 compression

Normal M.D. .lP.S.004" M.D. .1% P.S.006 side but
Manganese penetrating

inwards on
tension side.

M.D.Design .015"
.D. .I%P.S .020"

Un- General slight General shallow General
stressed pitting and i.e. pitting, shallow

slight i.e. M.D. .007" pitting and
M.D. .005" longitudinal

i.c, a
M.D. 9014"

Cont 'd,.,,



L (CONT'D

Material Stress 3 6 12
Months Months Months

Extrusion

.1% isolated General General
P.S. i.C'c rou ghening sub-grain iso

M.D.°.005" of surface M.D. .013"
isolatedLow ji..?

Manganese M.D. 0.004"

Un- negligible General Severe i.c.
stressed attack. shallow attack and general

isolated i.e. sub-grain i.o
M.D. .0031 with long*

tendency.
M.D. .026"

.1% General General Sub-grain i.e.
P.S. pitting & shallow attack ponetrating

( Nonnal sub-grain isolated i.c. on tension
Manganese i.c. M.D. .004"1 side.

M.D. .001" M.D. .013"

Un- General General shallow Slight
stressed shallow attack, iso- general sub-

pitting lated i.e. grain i.c.
sub-grain M.D. .004" with long.
i. c. tendency.
M.D. .005" M.D. .008"

0 i.e. = intererystalline corrosion.

o M.D. = maximum depth.



I - TABLE 10.

aIPPECT O UM11.iOVAL 0' CORROSION PRODUCTON CORROSION O11 hi.!15

Removal 2 Months __7 Months
of 1

corrosion Visual micro Visual Micro
(roduct.

Vertical Uniform attack Slight general General attack general pitt-
No foliation, foliation, severe isolat- ing and

ed foliation, foliation.

a daily ... .. _ M.D. .005" M.D. .005"

Horizontal Foliation on General attack.
inside web Severe folia-

tion inside

_daily M.D. .005" channel. M.D.. 005"

Vertical Possible folia- General General attack, General
twice tion on inside foliation to severe foliat- foliation.
weekly web. .004" one ion inside web.

J ]it .__ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ . . 005"
L.D. .008" M.D. .005"_

iorizontal General General attack General
twice " foliation, severe foliat- foliation.
weekly ion inside

..... M.D. .005" channel,. M.D. .010"

Vertical Uniform attack Slight general General attack. General pitt
weekly. no foliation. foliation. Less severe ing and

foliation foliation.
,_M& D. 00051 Me D. •007"

Horizontal Foliation on General attack. General

weekly, inside web " Severe foliat- pitting and
and flanges, ion inside foliation.

N, D, .005", channel. I M.D. ,005"

3M.D. = Maximum Depth,
-1-



TA1LBE10 (CONT'D),

Removal 2 Months ....... 7 Months .
of

corrosion Visual ,icro Visual Micro
product.

Vertical Possible Slight general General attack, General pitt-
iibi- foliation on foliation, severe foliat- ing and
weekly web. A ion on web. foliation.

M.D, D.007__ M.D. .006"

Horizontal Uniform attack. General attack, General pitt-
bi- No foliation. severe foliat- ing and
weekly, ion inside foliation.

M.D, .O07" channel. M.D. .006"

Horizontal Slight general General attack General pitt-

no foliation, with slight ing and
removal, foliation. foliation.

.__ D. M.D. a

Horizontal Slight general General attack, General
no foliation .003' severe foliat- foliation
removal, locally to ion outside .005".Local

0131 web. foliation
___.009"

KM.D. Maximum depth.

C7T ...... -- -



TABLE_1I.

LOSS IN WEIGHT OF HE 10 AND HE 15 SPECIILiENSEPOUR IN THE 802AFTER 3. 6 and 12 WIYiTHS' LVUEI H 0

_LAYR TEST VWITH VARIOUS ADDITIONS OF HOl.

LL."1 10
. .......... Loss in Rie ght L__oss___n _ei '

H0l 3 6 12 HOl 3 6 12
addition, months months months addition months months months

3 ml .0448 .0616 .209 3 ml 1764 .3474 :373
.0488 ,0423 .189 *6o14" .3709 53&1

6 ml .0656 .0490 .294 6 ml .2811 .6022 .105Ad
.0625 .0912 .391 .2511 .6432

9 ml .0425 .0552 s290 9 ml ,2128 .4198 .39 3A
.0307 .0697 .243 .2469 .4407 "7 15A

( W9 KSpecimen dipped into solution.

Ureliable due to type of attack.

iI
.4.

S i-i
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TABLJE 12.

TENSOLE TESTS ON E 10 AND Wh 1' SPECIOM1N8 AFTER

3.6and 12 M OH QXi OQUPE IN SO;) B74AUE ~T
WITH VARIOUS ADDITIONJ 01' HOl.

M E 10 __ _15

H01 3 6 12 3 6 12addition, months months months months months months

3 mis 18.7 11 18.6 12 18.2 17 26.8 27.8 5 23.0 7
18.7 12 18.7 13 17.9 15 28.5 29.4 9 22.8 7

mIs 18.4 11 17.9 11 17.1 12 27.2 6 23.4 2 25.8 5
18.5 14 18.4 15 1.0 10 27.3 7 22.4 3 20.1 4

9 mIs 18.6 14 18.7 15 16.9 14 27.8 6 26.4 6
18L4,14 18.2 11 16.1 12 27.7 6 24.9 3 23.8 4

( :,

ft

V



TABLE 13.

MICROEXAMHIATION 011 IVA, i0 AND HV -,
6 nd 12 h'O i~ 7LAOSURJE TO THE~ B0

BEAKER TEST VVITH VARIOUS ADDITIONS OF HCI.

Hol }Microexarainat ion,
Additions. 3 months 6 months 12 months,

10.
3 mls Slight i.K Slight general

i.c. - rounded
pits.

___MD. .0021 MI. D. .013"

6 mis Very slight Slight i.c. Slight general
i.c. and i.c. some pitt-
pitting. ing.

D__ _002_ M. D. . 004" M. .. 012"

9 mls Slight i.c. Slight i.c. and Slight general
and pitting. i.c. pitting. i.c, - rounded

pits.
M.D. .005" M.D. .011 "' M.D. . 014

3 mls General folia- Slight general General severe
tion. foliation, foliation.
M.D. .011" M.D. .011"_ 1 . QOII

6 mis General folia- General foliation. General and

tion. severe
Ii foliation,

_ M.D .021" M*.D. ,009 M.D . 015"

9 mIs General folia-i eneral foliation. General foliation
tion. with rounded pits

and isolated severe
subgrain attack.,

M._D__021 .D, ,021" 1 M.D. .011" .0144 i.c. Intercrystall ine corrosion.

4-. $



TAI 14.

EFFECT OP IIEAT TIREATiYDETT ON LOW Mn(A) AND NOihMAL Mn(B)
15 1, Disc SPRI CUL11 OF VI8UAL

IXA. INA0 _10 1ATd1.a OITHSI 3 URE TO
3 NaSl RAY.

ll S. H.T Age -
I5000C in I month 3 months 6 months.

170°0,

Hrs Hrs.

1 4 General attack. General attack Isolated large
Isolated deep isolated deep pits
-Pits. p ts.

2 . -do- -do- Isolated -its

1 168 -do- General attack General attack

4 4 Isolated pits General attack. Slight General
Isolated2 i._ pits

A 4 24 Slight General -eneral attack. eneral attack

pits.

4 168 -do- General attack Slight general
-i olated pits. D _its.

24 4 Isolated pits General attack -do-
t_ • isolated pits

24 24 Slight General General attack General attackpits.

24 168 General attack General attack Isolated stack.
Isolated large
pitsI--. --....

1 4 isolated deep General attack. General pits
pits. Isolated pits. Isolated deep

- -ts._.....t .

B- 1 -do- -do- -do-

1 168 Slight pits -do- Slight general
-dam Pita,



TABLE 14. COT'D.

Alloy . H. ,A6ir
5000 1700C, I month 3 months 6 months

- Hz's Hrs. ... .

4 4 Isolated deep ueneral attack. Slight general
P its. Isolated pits, deep pits.

24 -do- -do- -do-

4 168 -do- Slight general Slight general
B attack. Isolated pits.

24 4 -do- -do- Slight general
.... _deep pits.

24 24 Isolated attack. -do- Slight pits.

iii

24! 168 -do- General attack. -do-

isolated pits.

-2-

k*q



TABIX 15.

EFFECT OP HEtAT T11u!ATK'ENT ON YLOW :,n(A
AN D NOf,'AL Iinr D'WT- 1=2O5hc.ITIITS.
ESULT3 OF' VISUAL EXAMINATION AFTER
.3 AND 6 MONTHS' EXPOSURE TOR aq! .3PPRAY.

Alloy S.. Aeing
150000 170OC, I month 3 months 6 months

__ Hrs Hrs, .

4 4 Isolated pits. Isolated severe Slight general
I pits. .... dee -pits.

4 24 Slight general -do- -do-
-pits.

4 168 -do- General severe -do-
A isolated large

___,,_ ____ pits. --,

24 4 Isolated deep General attack, -do-
- __ pits. severe locall .

24 24 Isolated -do- General attack.
- _____Pitting.

( 24 168 Slight general General attack. -do-
attack. isolated deep

4 4 Isolated deep -do- isolated severe
pits. pits,

B 4 24 Slight general -do- -do-
-, __attack.

4 168 General attack. -do- -do-

F



TABL~E 15 (CONT'D)I.
f

Alloy DH.T. Ageing500°0 . 17000. 1 month 3 months 6 months
Hrs ifrs

24 4 Slight feneral Isolated Large Isolated severe
attack. _ its. __ its.

B 24 24 -do- isolated pits (Ueneral shallow
attack.

24 168 do- General attack. -do-
....... Isolated Di s.

-2-

• "' T 1 "- .. ... ..



TABLE 16.

WFECT OF HEAT MZATUNT ON LOW Mn(A) AND
N0Q L .,ii() HaSl5 .o36 ,,- Sk CIENS. MESULTS
OV VISUAL EXMAirIITATION AFTER 1 .3 AND 6 OTHS'

EZ.OSUPE TO 31,, Neal SPIUY.

Allo 8.f T. AgLeing500 0: 1700C. 1 m,,onth 3 months 6 months

Hrs Hrs.

4 4 isolated deep pits. Isoloted pits. Isolated large

4 2)4 dlight general General $light general
attack, attack. lrje pits,

isolated pits.

A 168 General attack -do- -do-

24 4 Isolated deep pits. -do- Specimen dis-
Sintegr at iUn.

24 168 General attack. General IGeneral pits
attack. Isol-
_ ted deep pit s -

4 4 Isolated deep pits. isolated General large
severe pits. Dits.

4 24 Slight general General -do-
attack. attack. Isol-

ated severe

B 4 168 General attack. General attack. -do-
'l Isolated severE

~pits.

24 isolated deep its., -do- ev -do-

24 24 Isolated pits General attack., eneral.attack.

24 168 General attack. -do- -do-
..... Isolated deep- 2its.1



I

TAP;& 17.

EFFECT OF HEAT T.EA \TMENT ON LOW MnA ANDNORUAL
,n(I) HE _C I5i CI,,ENS, RE1ULTS O2 MICRO-

EXA>lINATION AFTEI 1J.3 AND 6 fO11'TI8'H E SURE TO

Ailloy S.I.T. Ageng
50000. 170 C. I month 3 months 6 months
Hrs. Elra.

1 4 li.-ht generlal General pitting General pitting
layer attack. associated with associated with

layer attack, layer attack,
slight i.c and
subgrain attack,

I_. D. 037" M.D.K Li.D. __

1 24 Slight layer -do- -do-
attack. ,,ess layer than

above but more
subgrain attack.

.El. D. . .024"

1 168 General i.c. -do- -do-
and layer attack. less than above, less layer than

above.

A -ii. D. .0161 _ M.D.W M.D. .011'

4 4 General i.e. General pitting Samd us 1.4
isolated i.c. associated with above.
Associated with layer attack.
layer attack.
-, D. .009" M _D.___.

4 24 -do- -do- -d-
but less than but slightly

M.D. .015" above. M.D.KK  less pitting.
... M.Do o 0O

4 168 -do- -do- Isolated pits
but less than associated with

above. layer attack.
Slight i.c. end
subgrain attack.

I,,D. .010" 1. a;, , . 026"



TABLE 17, (OONT 'D)•

Alloy S.H.T. A:eing
50000. 17000. I monthi 3 months 6 months

_______ Hrs llrs. _......... ......
24 4 Isolated layer General layer General layer

attack, attack, attack. Slight
i.c. and sub-
grain attack.

_______M M D, .021"1 11._________ D,___M __.__D.

24 24 -do- -do- -do-
A less general less general

than above. than above.
M. D. .015" M.D. o021' M. D. .022"1

24 166 -do- -do- -do-
slightly less
than above.

S.D. .008" LT. D. M D. ._O_4

1 1 4 Slight gopieral Slight layer Slight general
pitting and attack, pitting assoc-
layer attack. J iated with layer

attack and sub-
grain attack.

f.D. ,028" m.D _ .29"1 M.D. .0321'

1 24 -do- Isolated layer -do-
and pitting, one
deep lar e pit.

M. D. . M DK0261

B I 168 -do- Slight general -do-
layer attack.

- -. M.D, .010"1 M.D. .026" .M.D. .026"

4 4 -do- Slight general -do-
layer attack,
some pitting.i ... M. _, 040 M, Do M,D.. 0Q21"

4124 -do- -do- -do-

but less than M.D. .021"
above. one large

, M.D. .005" M.DK Pit. M.D.N
-2-



TABLZ 17. (CONT'D).

Aio S.116T. Ageingmot500 , Ageing I month 3 months 6 months
Hrs. lira. ........ . ..

4 168 isolated pitting Slight pitting& Slight general
and layer attack, layer attack, pitting asso-

ciated with
layer and sub-
grain attack.

24 4 Slight general C eneral pitting -do-
attack. M.D. .002" and layer but more
isolated pitting attack, general than

B and layer attack, above.
M.D. .012" M.D. .016" M.D. .027"

24 24 -do- Slight pitting -do-
and layer
attack-aome
sub-grain
attack.

_M.D. .003" M.D. .008" 1.D. ,016 '

24 168 -do- -do- -do-
but less general but less
than above. general than

I1.' M.D. . , .D. .008"' _ above.

K Intercrystalline corrosion.

SCorrosion attack penetrates half way or more
through specinen.

-3-



TABLEA 18.
EF]ECT Og HEAT TRETTii ON LOV1 Mn(A) AND NORXALMn(B)
MIS 15 .05' SPE0IiENS. RESULTS OF MIOROEXAMINATI0N

AFTER I. 3 and6 MONT'S E)CP01URE.

Alloy S.H.T. Ageing
50000. 1700. 1 month 3 months 6 months
Hrs. Hrs. _ _.... .........

4 4 Isolated i..x Slight i.c. pits General i.c.pits
pits.

M%.D. .008" MID -iOa__4

4 2J Slight geaeral General i.c. -do-
i.c. pits.

___ M.D. .005 M.D. .013"

4 168 Slight i.c. -do- -do-
A Dpits.

M, D. . 009" _ _i_ D. .017_ _.D. •.019"

24 4 Slight general Slight general -do-
i.c. i.c. pits.

M.D. .o15' . D. .022"
24 24 3light i.c. General pits to -do-

.004". Isolated~i. c,

1-._. D. .004.,  M.D. .011"1 M..D. ,0 20 _

24 168 Very slight i.c Slight i.c. -do-
____.__ - .0093" . M.D. .0111"

4 4 Very slight i.c. General i.e. Slight general
pita, slight Slight longitud- i.c. slight
longitudinal inal tendency, longitudinal
tendency, tendency

B M. D .. 004" I M.Do .024" M,-D..016'

4 24 Slight general -do- -do-
i.c. pits.
Slight longit-
udinl tendency.

4-- .D. _ 009" MD. .022" M.D. .016"
---

7k



Alloy 3.I{.T. Agei
50000. 1700C I month 3 months 6 months
Hrs._ Hra.

* 4 168 Very slight i.e. General i.c. l31ight geueral
Blight longitud- i.c. slight
inal tendency. longitudinal

tendency.
I_.D. .010" M.D. .013"

24 4 Very sli&ht i.c. isolated i.e. General .c.
31ight lonsitud-

B inal tendency.
_I. D. .005____ M. .. .034"1 _ i.. D. . 021"

24 24 Very slight i.c. General i.e. Slight i.c.
Slight longitud- Slight longit-
inal tendency. udinal tendency.

1:__ D. . 06 L 1 14, D. . 005"

24 168 General i.c. -do- -do-
Slight longit ud-

inal tendency.
-II.D. .003" M4. D. .005" I.D. .010

Intercryatalline corrosion.
K Corrosion attack penetrates half way

or more through specimen.
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EFFECT OF HEAT TREATMENT ON LOW Mn(A) AND NORMA Mn(B)
HS15 .0356" 3PECIMENS. RESULTS OP MICROEXAMINATION

Ai SR AN 3. AMGNvIRT-_0UE. -

Alloy S.HI.T. Ageing
150000. 1700 C. I month 3 months 6 months.

_ Hrse. Hrs.

4 4 Negligible attack. Isolated i.c. Severe i.e, pits,
spec i,-en almost
disintegrated..... . .... __ Ll. D . _ _ _

4 24 reneral i.. pits. General i.c. -do-
pits.

A M, _.D. .005" M D. .016" 1

.4 168 Slight pits. -do- -do-
I. D. .- 0-- M.D_. .- 0-016"

24 4 Isolated i.c. Isolated i.e. -do-
- -_i.. .o16" _ __ -

24 168 Slight general General i,c. General i.e.
i. C. pits.

_. i, D. .005" MI.D. .012" ,1.D. .011"

4 4 alight general Slight general General i. c,
i.e. i.c, pits.

-M.D. .010"1 U.D._.0?22u

B 4 24 General i.c. Slight general Slight general
i.e. i.e.

__... . 03 M.D. .022" M.D. .019__

4 168 Slight i.e. -do- Isolated i.e.
5specimen

disintegrating.
1111 D__ 00- 0. 1 "-

+4I-



ZABLE1 12s. (COEID1.

Alloy S.H.T. Ageing
50000. 1700C0. I month 3 months 6 months.

Hrs. 11rs. __ .

24 4 Generol i.c. General i.c. pits. General i.c.
( pits.

M.D. .016" __ts.
B

24 214 Negligible Olight general General i.c.
attack. pits. pits, longit-

udinal
tendency.

M.D. 0041 k. D. 008"

24 168 Isolated i.c. General i.c. pits. -do-
-1 M.D. .. 005"1 o.D. *006" 1 M.D. .008"

Intercrystalline corrosion.

AN Maximum Depth halt way through specien
or maore.

-2-
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STRESS CORROSION TESTS IN DIRECT TENSION ON H15 SHEET
AND EXTRUDED (STRESSED TRANSVERSE TO EATRUSION DIRECTION)

SPECIMNllS.

Materinl Stressed and Corroded Unstressed Corroded
s pe imen s.

UTS Eloni. Stress ITime to failure U.T.S E16ng.
tonsin2' t ons/in 2 a tons/in2 2

Sheet 24 2 28.2 5
Controls 24 3 28.1 6

20 3 28.4 8
20 2-7 25.8 4

30.1 10 16 3-5 28.9 12.5
30.4 8 16 13 27.8 8

12 10
11 Started
10 132 Started.
10 96
8 206
8 96
6 Started

Extrusion 24 4 27.8 3
Controls 24 3 28.1 3.5

6 20 4 ?6.5 3
20 5 27.0 3
16 7 27.7 3

28.2 4 16 7 26.4 2
28.4 4 10 3-6

8 9
7 Started

108 Started.

6 Started
4 Started

41____________ 
_____ ____________________________



TABLE 21.

STRESS CO!ROSION TEITS ON COATED SHLST SPECIMENS
STRESSED IN CANTILEVER TYPE OF JIG.

of Coating. tons/sq. i. failure.

Sprayed commercial
purity aluminium (99.7%) 24 )265 not broken
.002" (nominal) 18 >476 " "

Sprayed Aluminiun/l
zinc. 24 >265 not broken
.002" (nominal) 18 >476 i "

Sprayed Zinc. 24 265
.002" (nominal) 18 >354 not broken

18 129
15 132
15 )290 not broken

Metallic zinc paint - 24 131
two brush coats. 18 71

18 1 I
15 108

15 61

Controln 24 4
shot blasted surface. 24 111: 18 14

15 34
A.-.

4

i. ~ "r , '
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PICTURE 2

L~ayer exfoliati~on from specimen of'
FtE1i5WP after two years' exposure at
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APPENDIX I.

P REPA ATION OF S!'ECIAL BILLETS
OF NORIiAL AND LOJ IVIANGANZ E COITEN'.

Cast billets were made in two alloys of almost
identical chemical compositions apart from manganese content.
The full chemical compositions were as follows:-

Cu Mg, Si Fe IMn Ni Zn Pb Sn Ti

Low
Manganese 4.08 0.54 0.87 0.32 0.08 0.03 0.02 0.02 0.02 <.02

Normal
Manganese 4.00 0.53 0.93 0.32 0.76 <.02 0.03 0.02 0.03<0.02

The billets were approximately 6k" diameter,
x 12" long. One billet in each alloy was cut in half, one
half being rolled into sheet and the other half being
extruded to 2" diameter bar. The half billets that were
rolled to sheet were first of all skimmed to 6" diameter
x 6" long, forged to 2- - 2.5/8" thick, 5-6" wide with
the major axis parallel to that of the original billet.
At the start of the forging the temperature of the billets
was 4300C., and at the finish, 380-395oC. The original
bare were upset to approximately 3" in height without

( spreading. They were cubed and then drawn out on the
original axis. The slabs were then rolled to sheet.
Hot rolling was carried out at 4800C. in four stages with
approximately 407 reduction in thickness at each stage
down to the thickness required, i.e., 21', .1", .05" and
.036" thick. After rolling, all the strips were annealed
at 36000. for one hour and were then cooled slowly in the
furnace over-night. Samples from these sheets were stored
in this condition and were solution heat treated at 505 ± 50C.,
quenched in cold water and aged for 8 hours at 170 - 1750C.

There was some variation in properties of the
material in different forms, but the average properties

-i-



obtained on test pieces of the same form as those used
for corrosion testing were as follows:-

Average mechanical properties.

U.T .S. Elong

t ons/ink2

2" Extruded bar (substnndard test
pieces)

Low manganese. Longitudinal. 25.1 12
Transverse. 26.1 4

Normal manganese. Longitudintl. 32.8 9
Transverse. 28.3 4

0,2 sheet.

Low manganese. Longitudinal. 27.8 10
Transverse. 27.2 11

Normal manganese. Longitudinal. 29.4 9
Transverse. 29.4 8

0.1" sheet.

Low manganese. 28.7 10
Normal manganese. 30.•2 9

0.051" sheet.

Low manganese. 28.3 12
Normal manganese. 30.0 10

.1" sheet rolled from 2" extruded bar.

Low manganese. 29.9 12
Normal manganese. 32.5 11



APPENDIX II.

COMPOSITION OF ICILTS OF 1QI10
CONTAINING VARIOUS AMOUNTS OF COPPER.

Melt
( N Io. Cu Mg Si Fe Mn Ni Zn Pb Sn Ti

OG 172 <<.01 0.72 1.05 0.31 (.02 (.02 (.02 (.02 (.02 (.02

OG 176 0.022 0.72 1.06 0.34 (.02 J.02 <.02 <.02 (.02 (.02

AG 92(B) 0.030 0.67 0,97 0.31 c.04 (.02 0.02 <.02 <.02 <.02

OG 185 0.088 0.68 1.03 0.31 0.03 <.02 <.02 (.02 <.02 <.02

AG 92(E) 0.160 0.62 0.96 0.31 c.04 <.02 c.02 (.02 (.02 (.02

(G) 0.21 0.66 0.95 0.31 c.04 (.02 0.02 (.02 (.02 <.02

(H) 0.32 0.65 0.95 0.31 c.04 <.02 0.02 <.02 (.02 (.02

(T) 0.47 0.60 0.95 0.31 0.03 (.02 c.02 (.02 (.02 (.02

I *1 . ..A



dstl

jdstl .

Defense Technical Information Center (DTIC)
8725 John J. Kingman Road, Suit 0944
Fort Belvoir, VA 22060-6218
U.S.A.

AD#: AD029524

Date of Search: 30 April 2008

Record Summary: SUPP 27/44
Title: Investigation of the Corrosion Resistance of B.S. Aluminium Alloys H.10 and H.15
Availability Open Document, Open Description, Normal Closure before FOI Act: 30 years
Former reference (Department) WRD/15/53
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.
The document has been released under the 30 year rule.
(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.


